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(54) Catheter having articulation system made from two different materials 



(57) An articulation system for catheter steering and 
selective positioning of the catheter distal tip includes 
an articulation segment (16) having a cylindrically 
shaped wall that is attached between a tip member (14) 
and a catheter tube (18). The cylindrically shaped wall 
defines a longitudinal axis and surrounds a central lu- 
men. The wall of the articulation segment (16) is formed 
with a first section (40) made of a first material having 



flexural modulus, M-j, and a second section (42) made 
of a second material having flexural modulus, M2, with 
M2 being largerthan (M2> M^). One end of a control 
wire (22) is attached to the tip member (14), while the 
control wire itself extends from the tip member, through 
the lumen of the articulation segment (1 6) and through 
the catheter tube. The sections are arranged to cause 
the tip member (14) to deflect in a pre-selected plane in 
response to axial movements of the control wire (22). 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention pertains generally to 
nneclical catheters. More particularly, the present inven- 
tion pertains to articulation segments for catheters that 
increase catheter steerability and allowthe distal portion 
of the catheter to be configured into a preselected shape 
at a target site in a patient's vasculature. The present 
invention is particularly, but not exclusively, useful as an 
articulation system for a cardiac cryoablation catheter. 

BACKGROUND OF THE INVENTION 

[0002] Steerability, among several attributes, is an im- 
portant consideration in the manufacture and operation 
of an invasive catheter. In particular, when the operation 
of a catheter requires that it be advanced through por- 
tions of a patient's vasculature, the ability to steer the 
catheter along tortuous paths, and into selected branch- 
es of the vasculature, is of crucial importance. Further, 
in addition to having good steering properties, it may al- 
so be important to reconfigure the distal end of the cath- 
eter into a desirable shape once the catheter has been 
advanced to a position near the target tissue. In either 
case, the steering and configuring of an invasive cath- 
eter requires that the distal tip of the catheter be articu- 
lated in a safe, predictable and controllable manner. 
[0003] One particular application in which a highly ar- 
ticulatable catheter is beneficial is in the treatment of 
atrial fibrillation. Atrial fibrillation is an irregular heart 
rhythm that adversely affects approximately 2.5 million 
people in the U.S. It is believed that at least one-third of 
all atrial fibrillation originates near the ostium of the pul- 
monary veins, and that the optimal treatment technique 
is to ablate conductive pathways (i.e. create conduction 
blocks) associated with focal atrial fibrillation. In greater 
detail, creation of circumferential and linear lesions via 
ablation near the ostia of the pulmonary veins has been 
shown to be an effective treatment for atrial fibrillation. 
However, accessing the pulmonary veins near the ostia 
using a catheter, requires a catheter that is highly artic- 
ulatable. 

[0004] Several devices have been previously sug- 
gested for the purpose of steering a catheter through 
the vasculature of a patient. In the earlier mechanisms, 
such as the one disclosed in U.S. Patent No. 1 ,060,665, 
that issued to Bell on IVlay 6, 1 913, for an invention en- 
titled "Catheter", the steerability of the catheter was pro- 
vided for by using a pre-bent stiffening member in the 
catheter's distal end. Subsequently, more complex de- 
vices have relied on a pull-wire to deflect the catheter 
tip. In general, these mechanisms have variously includ- 
ed concentric or eccentric pull-wires that generate an 
eccentrically applied force on the tip of the catheter. For 
example, U.S. Patent No. 4,456,017, which issued to 
Miles for an invention entitled "Coil Spring Guide with 



Deflectable Tip" incorporates a concentric core wire for 
this purpose. On the other hand, U.S. Patent No. 
4,586,923, which issued to Gould et al., uses an eccen- 
tric wire for the same purpose. Further, devices have 
5 also been proposed which will bias the deflection of a 
catheter tip in a predetermined plane. An example of 
such a device is disclosed in U.S. Patent No. 4,886,067, 
which issued to Palermo. In the Palermo patent, such a 
bias is established by flattening the core wire. 
10 [0005] Heretofore, as indicated by the examples giv- 
en above, the steerability of a catheter tip has been pri- 
marily engineered by detennining the direction in which 
a deflecting force should be applied to the tip. Accord- 
ingly, these earlier devices did not specifically incorpo- 
15 rate structural aspects into the construction of a cathe- 
ter's distal portion with a view toward using this con- 
struction as a functional aspect for tip deflection. Such 
a consideration, however, becomes more significant 
when, in addition to steerability, the configurability of a 
catheter in the vasculature of a patient is an important 
consideration. 

[0006] In accordance with well known engineering ap- 
plications, structures will predictably bend according to 
the shape of the structure and according to particular 
properties of the material, such as its flexural modulus. 
Importantly, the shape and flexural modulus of a struc- 
ture can be used to predict how the structure will bend 
in response to a given force. Further, for structures hav- 
ing both relatively stiff components and relatively flexible 
components, the bending of the overall structure will 
generally be dictated by the shape and stiffness of the 
stiff component. 

[0007] In light of the above, it is an object of the 
present invention to provide a device for steering a car- 
diac cryoablation catheter through the vasculature (in- 
cluding areas in and around the heart) of a patient that 
can be both steered and configured, as desired, while 
the catheter is in the vasculature of a patient. Another 
object of the present invention is to provide an articula- 
tion segment for a cardiac cryoablation catheter that 
bends relatively easily but yet has good axial stiffness 
and torqueability. It is yet another object of the present 
invention to provide an articulation segment for a cardi- 
ac cryoablation catheter that predictably bends in a pre- 
determined bend plane in response to the movement of 
a control wire. Still another object of the present inven- 
tion is to provide an articulation segment for a cardiac 
cryoablation catheter that is relatively easy to manufac- 
ture, is simple to use, and is comparatively cost effec- 
tive. 

SUMMARY OF THE PREFERRED EMBODIMENTS 

[0008] A catheter having an articulation system for 
steering the catheter through the vasculature of a pa- 
tient includes an articulation segment having a cylindri- 
cally shaped wall that is connected to the distal end of 
a catheter tube. The cylindrical ly shaped wall defines a 
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longitudinal axis and surrounds a central lunnen that ex- 
tends between the proximal and distal ends of the artic- 
ulation segment. A tip member is affixed to the distal 
end of the articulation segment. 
[0009] For the present invention, the wall of the artic- 
ulation segment is formed with a first section made of a 
first material having flexural modulus, , and a second 
section made of a second material having flexural mod- 
ulus, M2, with M2 being larger than (M2 > iVI-|). Rela- 
tive to the longitudinal axis of the articulation segment, 
the first and second sections are, in general, diametri- 
cally opposed to each other. A preferred first material 
for the first section is a polyether block amide (PEBA) 
such as a PEBAX® and a preferred second material for 
the second section is a polyamide such as Nylon 12. 
[001 0] One end of a control wire is attached to the tip 
member, while the control wire itself extends from the 
tip member, through the lumen of the articulation seg- 
ment and through the catheter tube. As intended for the 
present invention, the control wire is connected to the 
tip member at an attachment point that lies at a radial 
distance from the longitudinal axis of the articulation 
segment. In a particular embodiment, the attachment 
point is positioned to interpose the longitudinal axis of 
the articulation segment between the attachment point 
and the second section. 

[0011] In addition, the system includes a mechanism 
that is engaged with the control wire at the proximal end 
of the catheter tube for axially pulling on the control wire. 
In response to a pulling of the control wire in a proximal 
direction, the flexible articulation segment allows the tip 
member to be deflected for the purpose of steering or 
configuring the catheter in the vasculature of a patient. 
Also, with this cooperation of structure, the position and 
shape of the high modulus material (i.e. the second sec- 
tion) can be arranged relative to the position of the at- 
tachment point, as indicated above, to cause the tip 
member to deflect in a pre-selected plane in response 
to axial movements of the control wire. 
[0012] In one particular application, the articulation 
system is used as part of a cardiac cryoablation cathe- 
ter. In this application, the tip member is made of a ma- 
terial having a relatively high thermal conductivity. Ad- 
ditionally, a refrigerant source is provided to supply a 
fluid that can be cooled to a temperature of approximate- 
ly minus eighty degrees Celsius. A transfer tube extends 
from the refrigerant source and passes through the cath- 
eter tube and through the lumen of the articulation seg- 
ment, interconnecting the refrigerant source in fluid 
communication with the tip member. With this connec- 
tion, the fluid can be circulated through the tip member 
during a cardiac cryoablation procedure. 
[0013] In a particular embodiment of the articulation 
segment, the second section (i.e. the high modulus ma- 
terial, IVI2) is embedded in the wall of the articulation seg- 
ment. More specifically, the cylindrically shaped wall ex- 
tends from a cylindrical inner surface to a cylindrical out- 
er surface. At and near the inner surface, the wall is 



made of a low modulus material, M^. Also, at and near 
the outer surface, the wall is made of a low modulus ma- 
terial, M-i. Between the two wall surfaces, a section of 
high modulus material, M2 is embedded in the wall. The 

5 section of high modulus material, M2 preferably extends 
from the distal end to the proximal end of the articulation 
segment, and extends around the longitudinal axis 
th rough an azimuthal angle of approximately forty-five 
degrees (45°). Also in this embodiment, an open lumen 

10 is formed in the wall between the inner and outer sur- 
faces of the wall. Preferably, the open lumen is posi- 
tioned approximately one-hundred and eighty degrees 
(1 80°) around the longitudinal axis from the high mod- 
ulus material, M2 (i.e. the open lumen is diametrically 

15 opposed to the second section of high modulus material 
M2). 

[0014] In another particular embodiment of the artic- 
ulation segment, the second section (i.e. the high mod- 
ulus material, l\/l2) extends from the inner surface of the 

20 wall to the outer surface of the wall, and fonns part of 
these surfaces. Similar to the embodiment described 
above, the section of high modulus material, M2 prefer- 
ably extends from the distal end to the proximal end of 
the articulation segment, and extends around the longi- 

25 tudinal axis through an azimuthal angle of approximate- 
ly forty-five degrees (45°). The remainder of the wall is 
made ofthe low modulus material, M-j. As a modification 
of either embodiment disclosed above, a metallic coil or 
braid can be embedded in the wall, between the inner 

30 and outer surfaces to axially stiffen the articulation seg- 
ment. 

BRIEF DESCRIPTION OFTHE DRAWINGS 

35 [0015] The novel features of this invention, as well as 
the invention itself, both as to its structure and its oper- 
ation, will be best understood from the accompanying 
drawings, talcen in conjunction with the accompanying 
description, in which similar reference characters refer 

40 to similar parts, and in which: 

Fig. 1 is a perspective view of a catheter incorpo- 
rating an articulation system in accordance with the 
present invention, as it is being advanced into the 
45 vasculature of a patient for an invasive procedure; 

Fig. 2 is a segmented, perspective view of a cryo- 
ablation catheter having the articulation system of 
the present invention; 

Fig. 3 is a sectional view of the distal end portion of 
50 the catheter shown in Fig. 2 as seen along the line 
3-3 in Fig. 2; 

Fig. 4 is a perspective view of a test fixture for meas- 
uring flexural modulus; 

Fig. 5 is a sectional view of an exemplary articula- 
55 tion segment as seen along line 4-4 in Fig, 2; 

Fig. 6 is a perspective view of another embodiment 
of an articulation segment, with portions removed 
for clarity, in which the section of high modulus ma- 
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terial extends from the inner wall surface to the out- 
er wall surface of the articulation segnnent; 
Fig. 7 is a sectional view of the articulation segment 
shown in Fig. 6 as seen along line 7-7 in Fig. 6; 
Fig. 8 is a perspective view of another embodiment 
of an articulation segment, with portions removed 
for clarity, having a metallic braid embedded in the 
articulation segment wall; and 
Fig. 9 is a side plan view of the distal end portion of 
the catheter shown in Fig. 2, shown after deflection 
of the distal tip. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0016] Referring initially to Fig. 1 , a catheter for cryo- 
ablating internal target tissue in accordance with the 
present invention is shown and is designated 1 0. In Fig. 
1, the catheter 10 is shown as it is being positioned in 
the vasculature of a patient 12. The term "vasculature" 
including derivatives thereof, is herein intended to mean 
any cavity or lumen within the body which is defined at 
least in part by a tissue wall, to specifically include the 
cardiac chambers, arterial vessels and the venous ves- 
sels. As further shown in Fig. 1 , the catheter 1 0 includes 
a tip member 14 that is located at the distal end of the 
catheter 10 and an articulation segment 16 that is at- 
tached proximal to the tip member 14. Still further, a 
catheter tube 18 is attached to the articulation segment 
16. In use, the catheter 10 is manipulated until the tip 
member 1 4 is positioned adjacent the target tissue. With 
the tip member 1 4 positioned adjacent the target tissue, 
a low temperature refrigerant is then introduced into the 
tip member 1 4, causing heat to flow from the target tis- 
sue, through the tip member 14 and into the refrigerant. 
This results in the cryoablation of the target tissue. 
[0017] Referring now to Fig. 2, it will be seen that the 
catheter tube 1 8 is formed with a lumen 20 that extends 
the length of the catheter tube 18. Further, Fig. 2 indi- 
cates that a deflection control wire 22 extends through 
the lumen 20 from an extracorporeal control mechanism 
24. In particular, the control mechanism 24 includes a 
pivot arm 26 which can be rotated about the pivot point 
28 by an operator (not shown) to exert a proximally di- 
rected force on the deflection control wire 22, and can 
include a brake or some other mechanism to maintain 
the deflection control wire 22 at a constant tension. It 
will be appreciated by the sl<illed artisan that the control 
mechanism 24 shown in Fig. 2 is only exemplary and 
that any device known in the pertinent art for generating 
an axial force on the deflection control wire 22 is suitable 
for the present invention, As best seen in Fig. 3, the de- 
flection control wire 22 extends through the articulation 
segment 1 6 and attaches to the tip member 1 4. 
[0018] Referring back to Fig. 2, the catheter 10 is 
shown to include a refrigerant source 30 which is to be 
used for the purpose of supplying a fluid that can be 
cooled to a temperature of approximately minus eighty 
degrees Celsius to the tip member 14. In a particular 



embodiment of the present invention, a medical gas, 
such as nitrous oxide, is used as the refrigerant, With 
cross reference to Figs. 2 and 3 it can be seen that the 
catheter 10 also includes a tube 32 that extends from 

5 the refrigerant source 30 and through the lumen 20 of 
the catheter tube 1 8 to the articulation segment 1 6. As 
further shown, tube 32 includes a feed line 34 to deliver 
refrigerant from the refrigerant source 30 to the articu- 
lation segment 16 and a return line 36 to deliver refrig- 

10 erant back to the refrigerant source 30 from the articu- 
lation segment 16. 

[0019] Refen^ing now to Fig. 3, is can be seen that the 
articulation segment 16 of length, L, has a wall 38 that 
Is fomned with a first section 40 made of a first material 

15 having flexural modulus, M-j, and a second section 42 
made of a second material having flexural modulus, Mg, 
with M2 being larger than M^ (Mg > M^). A prefered first 
material for the first section 40 is a polyether block amide 
(PEBA) such as a PEBAX® having a flexural modulus 

20 of approximately 0.2GPa. A preferred second material 
for the second section 42 is a polyamide such as "Nylon 
1 2" having a flexural modulus of approximately 1 .OGPa. 
As will be appreciated by the skilled artisan, several 
thermoplastic polyurethanes and elastomeric polyes- 

25 ters may be used. For the purposes of the present dis- 
closure, the flexural modulus of anisotropic materials is 
measured in the direction of tube elongation. More spe- 
cifically, as shown in Fig. 4, flexural modulus of aniso- 
tropic materials is determined by placing test samples 

30 in the test fixture 44 and oriented the sample so that 
sample direction 46 corresponds to a direction on the 
articulation segment 16 that is parallel to the longitudinal 
axis 48 of the articulation segment 16. 
[0020] In the particular embodiment of the present in- 

35 vention shown in Figs. 3 and 5, the second section 42 
(i.e. the high modulus material, M2) is embedded in the 
wall 38 of the articulation segment 1 6. More specifically, 
as shown, the cylindrically shaped wall 38 extends from 
a cylindrical inner surtace 50 to a cylindrical outer sur- 

40 face 52. At and near the inner surface 50, the wall 38 is 
made of low modulus material, M-,. Also, at and near the 
outer surface 52, the wall 38 is made of low modulus 
material, M^. Between the inner surface 50 and outer 
surface 52, the second section 42 of high modulus ma- 

45 terial, M2 Is embedded in the wall 38. The second sec- 
tion 42 of high modulus material, M2 preferably extends 
from the distal end 54 to the proximal end 56 of the ar- 
ticulation segment 16 (as shown in Fig. 3), and extends 
around the longitudinal axis 48 through an azimuthal an- 

50 gie, a-i, of approximately forty-five degrees (45°), as 
shown in Fig. 5. Also in this embodiment, an open lumen 
58 can be formed in the wall 38 between the inner sur- 
face 50 and outer surface 52. Preferably, if used, the 
open lumen 58 is positioned approximately one-hun- 

55 dred and eighty degrees (1 80°) around the longitudinal 
axis 48 from the second section 42, and extends around 
the longitudinal axis 48 through an azimuthal angle, a2, 
of approximately forty-five degrees (45°), as shown. Im- 
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pliedly, open lumen 58 nnay be absent. 
[0021] Figs. 6 and 7 show another particular embod- 
iment of the articulation segment 116 having a wall 138 
that is formed with a first section 1 40 made of a first ma- 
terial having flexural modulus, , and a second section 
1 42 made of a second material having flexural modulus, 
M2, with M2 being larger than (M2 > M^). In this em- 
bodiment, the second section 1 42 (i.e. the high modulus 
material, Mg) extends from the inner surface 150 of the 
wall 138 to the outer surface 152 of the wall 138. Like 
the embodiment described above, the second section 
1 42 of high-modulus material, Mg preferably extends the 
entire axial length of the articulation segment 116, and 
extends around the longitudinal axis 1 48 through an az- 
imuthal angle, of approximately forty-five degrees 
(45°). 

[0022] It can be further seen from Figs. 6 and 7 that 
a metallic coil 60 is embedded within the wall 138 be- 
tween the inner surface 150 and outer surface 152, as 
shown. The metallic coil 60 is provided to axially stiffen 
the articulation segment 1 1 6, without significantly reduc- 
ing the lateral flexibility of the articulation segment 116. 
Thus, the metallic coil 60 increases both the pushability 
andtorqueability of the articulation segment 11 6 without 
significantly increasing the force necessary to deflect 
the distal end of the articulation segment 116 from the 
longitudinal axis 148. 

[0023] Fig. 8 shows yet another particular embodi- 
ment of an articulation segment 216 formed with a first 
section 240 made of a first material having flexural mod- 
ulus, M-j, and a second section 242 made of a second 
material having flexural modulus, M2, with M2 being 
larger than (M2 > M^). In this embodiment, a metallic 
braid 62 is embedded in the wall 238 of the articulation 
segment 216 to axially stiffen the articulation segment 
216, without significantly reducing the lateral flexibility 
of the articulation segment 216. 
[0024] With cross reference now to Figs. 2 and 9, it is 
to be appreciated that with the articulation segment 16 
positioned within a patient's body, the control mecha- 
nism 24 can be selectively activated from an extracor- 
poreal location to controllably deflect the tip member 14 
and bend the articulation segment 1 6 through an angle, 
G, that can be as large as approximately two-hundred 
seventy degrees (270°). It is to be further appreciated 
that the first and second sections 40, 42 are arranged 
relative to the deflection control wire 22 to ensure that 
the articulation segment 16 bends in a pre-selected 
bend plane in response to a movement of the deflection 
control wire 22. Selectively reconfiguring the shape of 
the articulation segment 1 6 in this manner can be per- 
formed to steer the catheter 1 0 through the vasculature 
of the body or to obtain a pre-selected shape for articu- 
lation segment 1 6 at the target tissue, 
[0025] While the particular Catheter Having Articula- 
tion System as herein shown and disclosed in detail is 
fully capable of obtaining the objects and providing the 
advantages herein before stated, it is to be understood 



that it is merely illustrative of the presently preferred em- 
bodiments of the invention and that no limitations are 
intended to the details of construction or design herein 
shown other than as deschbed in the appended claims. 

5 

Claims 

1. A system for articulating a catheter in the vascula- 
re ture of a patient, said system comprising: 

an articulation segment having an elongated, 
cylindrically shaped wall extending from a distal 
end to a proximal end and surrounding a lumen 
15 therebetween, said wall defining a longitudinal 

axis and formed with a first section made of a 
first material having flexural modulus, M^, and 
a second section made of a second material 
having flexural modulus, M2, wherein M2, is 
20 larger than M-j (M2 > Mi), said second section 

of said articulation segment being elongated in 
a direction parallel to said longitudinal axis; 
a tip member affixed to the distal end of said 
articulation segment; 
25 a control wire having a portion disposed in said 

lumen of said articulation segment, said control 
wire having a first end and a second end with 
said first end attached to said tip member at an 
attachment point, said attachment point being 
30 distanced radially from said longitudinal axis; 

and 

a means engaged with the second end of said 
control wire for axially moving said control wire 
to selectively bend said articulation segment 
35 and deflect said tip member through an arc in 

a plane to articulate the catheter. 

2. A system as recited in claim 1 wherein said second 
section extends from said distal end of said wall to 

40 said proximal end of said wall. 

3. A system as recited in claim 1 wherein said first ma- 
terial is a polyether block amide. 

45 4. A system as recited in claim 1 wherein said second 
material is a polyamide. 

5. A system as recited in claim 1 wherein said attach- 
ment point, said longitudinal axis and a portion of 

50 said second section lie within a common plane. 

6. A system as recited in claim 1 wherein said arc has 
an arc length greater than approximately two hun- 
dred and seventy degrees (270°) during a deflec- 

55 tion of said tip member. 

7. A system as recited in claim 1 wherein said wall has 
a length between said proximal end and said distal 
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end and said length is greater tlian approx innately 
ten millinneters. 

8. A systenn as recited in claim 1 further connprising a 
metallic coil spring embedded in said wall to axially 
stiffen said articulation segment. 

9. A system as recited in claim 1 further comprising a 
metallic braid embedded in said wall to axially stiff- 
en said articulation segment. 

10. A system as recited in claim 1 wherein said wall is 
formed with an inner surface and an outer surface 
and wherein said second section extends from said 
Inner surface to said outer surface. 

11. A system as recited In claim 1 wherein said wall Is 
formed with an Inner surface and an outer surface 
and wherein said second section is positioned be- 
tween said inner surface and said outer surface and 
does not extend to said Inner surface and does not 
extend to said outer surface, and wherein said wall 
Is formed with an open lumen positioned between 
said inner surface and said outer surface. 

12. A catheter for cryoablating target tissue, said cath- 
eter comprising: 

a proximal tube having a proximal end and a 
distal end and fomnlng a proximal tube lumen 
therebetween; 

an articulation segment affixed to said distal 
end of said proximal tube, said articulation seg- 
ment having a distal end, a proximal end and 
forming an articulation segment lumen therebe- 
tween, said articulation segment having an 
elongated, tubular shape defining a longitudi- 
nal axis and formed with a first section made of 
a first material having flexural modulus, M-j, and 
a second section made of a second material 
having flexural modulus, M2, wherein M2, Is 
larger than M-j (M2 > M-j), said second section 
of said articulation segment being elongated In 
a direction parallel to said longitudinal axis; 
a tip member affixed to the distal end of said 
articulation segment for contacting and cryoab- 
lating the target tissue; 

a control wire extending through said proximal 
tube lumen and said articulation segment lu- 
men from a first end to a second end with said 
first end attached to the tip member at an at- 
tachment point, said attachment point being 
distanced radially from said longitudinal axis; 
and 

a means engaged with said second end of said 
control wire for axially moving said control wire 
to selectively bend said articulation segment 
and deflect said tip member through an arc In 



a plane to articulate the catheter. 

13. A catheter as recited in claim 12 wherein said tip 
member is made of a thermally conductive material 

5 and said tip is in fluid communication with a cooling 
assembly which comprises: 

a refrigerant source for providing a fluid having 
a temperature of approximately forty degrees 

10 Kelvin; 

a tube extending through said proximal tube lu- 
men and said articulation segment lumen to In- 
terconnect said refrigerant source in fluid com- 
munication with said tip member; and 

15 a means for circulating said fluid through said 

tip member during a cardiac cryoablatlon pro- 
cedure. 

14. A catheter as recited In claim 12 wherein said con- 
20 trol wire Is attached to said tip member at an attach- 
ment point positioned to interpose said longitudinal 
axis of said articulation segment between said at- 
tachment point and said second section. 

25 15. A catheter as recited in claim 12 wherein said first 
material is a polyether block amide. 

16. A catheter as recited In claim 12 wherein said sec- 
ond material is a polyamide. 

30 

17. A method for manufacturing a catheter having an 
articulation system, said method comprising the 
steps of: 

35 co-extruding a wall having a first section made 

of a first material having flexural modulus, M^, 
and a second section made of a second mate- 
rial having flexural modulus, M2, wherein M2, Is 
larger than (M2 > M^); 
40 affixing a tip member to said wall; 

connecting a catheter tube to said wall; 
attaching a control wire to said tip member at 
an attachment point with the control wire ex- 
tending proximally through said catheter tube; 
45 and 

engaging said control wire with a control means 
for pulling said control wire in a proximal direc- 
tion to bend said wall and deflect said tip mem- 
ber through an arc in a plane defined by said 
50 secondsectlon of said wall and said attachment 

point. 

18. A method as recited in claim 17 wherein said first 
material is a polyether block amide. 

55 

19. A method as recited in claim 17 wherein said sec- 
ond material is a polyamide. 
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20. A method as recited in claim 17 wlierein said wall 
extends from a distal end to a proximal end and 
wherein said second section extends from said dis- 
tal end of said wall to said proximal end of said wall. 
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